Gram-positive anaerobic cocci (GPAC) which are commonly known as Peptococci or Peptostreptococci belong to the genus Peptostreptococcus. Peptostreptococcus anaerobius is one of the most common GPAC known to be associated with infections of the abdominal cavity and the female genitourinary tract. The present study aims at determining the antimicrobial susceptibility profile of P. anaerobius isolates against various antimicrobials. This study was conducted over a period of three years from January 2015 to December 2017 in the Department of Microbiology of a tertiary care teaching hospital. Specimens like pus aspirates, soft tissue and body fluids were included in the study. P. anaerobius isolates were identified by standard methods and confirmed by automated mass spectrometry. Minimum inhibitory concentration was determined by the reference agar dilution method for different anti-anaerobic agents. A total of 30 P. anaerobius isolates were obtained from various infections with majority (n=21, 70%) of the isolates being recovered from infections of the anatomical sites below the waistline. All isolates showed excellent anti-anaerobic activity against metronidazole, penicillin G, cefoxitin and chloramphenicol. Clindamycin resistance was noted in 53.3% (n=16) of P. anaerobius isolates. None of the isolates were b-lactamase producers. Metronidazole which is considered as the empirical therapy of choice for anaerobic infections was found to have excellent activity. Significant resistance was noted towards clindamycin which is commonly used as an alternative to metronidazole in suspected anaerobic infections. Routine sensitivity testing of clinical isolates of anaerobes seems to be the need of the hour for effective patient management.
Gram-positive anaerobic cocci (GPAC) have influenced extensive taxonomic changes among anaerobic bacteria in the recent past due to advancement in molecular identification methods. Among the infections caused by Grampositive anaerobic organisms, GPAC are the frequent isolates. They are present as commensal microbiota and account for about 20-30% of all isolated anaerobic bacteria from diverse clinical specimens 1, 2 . They are mostly overlooked, as they are often isolated in polymicrobial infections involving pathogenic organisms. The most commonly isolated GPAC from clinical specimens include Finegoldia magna, Parvimonas micra, Peptoniphilus harei, and Peptostreptococcus anaerobius 3 .
P. anaerobius is one of the common GPAC, often associated with infections of the abdominal cavity and the female genitourinary tract 1 . They are found in polymicrobial infections although there have been reports of isolation in pure cultures 1, 2 . In spite of increase in the significance of GPAC, the genus or species level identification among this group is restricted to few Microbiology laboratories due to stringent methods associated with isolation and identification.
The frequency of antimicrobial resistance in anaerobic organisms is increasing globally in the past few decades 4 . Development of antibiotic resistance among anaerobic bacteria has tremendous impact on the selection of antimicrobial agents for empirical therapy. A prospective study was planned to analyse the susceptibility profile of P. anaerobius to anti-anaerobic antimicrobials in a tertiary care hospital setting.
MATERIALS AND METHODS
The present study was conducted in the Department of Microbiology over a period of three years from January 2015 to December 2017 after obtaining ethical clearance from the Institutional Ethics Committee. The demographic and clinical details were collected for each case studied. Specimens including pus, soft tissue, abscess aspirates and body fluids received from consecutive patients with diverse anaerobic infections were analysed.
The specimens were directly inoculated into sterile wide mouth container and/or into Robertson's cooked meat (RCM) medium. The specimens were initially subjected to Gram stain and then cultured anaerobically on 5% sheep blood agar, phenyl ethyl alcohol agar and neomycin blood agar with metronidazole disc (5 µg, HiMedia Labs, Mumbai). The inoculated culture plates were incubated anaerobically at 37ºC in anaerobic chamber (Whitley A35 Anaerobic workstation, Don Whitley Scientific, Shipley, UK) and inspected daily for five days.
Preliminary identification of anaerobes was done by zone of inhibition around metronidazole disc, colony morphology, Gram stain, susceptibility to special potency discs of vancomycin 5µg (BD Diagnostics, Sparks, MD, USA), kanamycin 1000µg (HiMedia Labs, Mumbai) and colistin 10µg (Oxoid Ltd, Basingstoke, Hamsphire, England) and susceptibility to 5% sodium polyanethol sulfonate (SPS) 5 . Identification of P. anaerobius isolates P. anaerobius isolates (Figure 1 ) were identified on 5% sheep blood agar as opaque, grey coloured colonies with a zone of inhibition around vancomycin (>10 mm) and SPS discs (>12 mm) 5, 6 . The isolates were further confirmed by an automated microbial identification system, MALDI-TOF (Vitek MS, bioMérieux Inc.) mass spectrometry.
Antimicrobial Susceptibility testing
Chromogenic nitrocephin discs (Cefinase, BD Diagnostics, Sparks, MD, USA) were used for detection of b-lactamase activity among P. anaerobius isolates. Minimum inhibitory concentration (MIC) for P. anaerobius was determined by performing antimicrobial susceptibility testing by agar dilution (Wadsworth Method) 7 on Wilkin-Chalgren agar with anaerobic supplement (HiMedia Labs, Mumbai). Antimicrobial susceptibility testing was performed against metronidazole, cefoxitin, penicillin G (Sigma Aldrich Ltd, USA), clindamycin and chloramphenicol (HiMedia Labs, Mumbai). Growth from 48 hours subculture on 5% sheep blood agar was inoculated into thioglycollate broth and incubated in anaerobic workstation to obtain adequate turbidity equivalent to 2 McFarland. Bacteroides fragilis ATCC 25285 was included as quality control strain in each batch. 2µL of this bacterial suspension was spot inoculated on to agar plates with varied concentrations of antibiotics. The plates were then incubated in the anaerobic workstation and results were read after 48 hours of incubation. The MICs were interpreted as susceptible or resistant as per Clinical & Laboratory Standard Institute (CLSI) guidelines 7 .
RESULTS
A total of 30 P. anaerobius isolates were recovered from various clinical specimens during the study period. These isolates were obtained from tissue specimens (n=18, 60%), pus aspirates (n=11, 36.6%) and pleural fluid (n=1, 3.3%). The most frequently affected age group was 41-60 years (n=15, 50%). Males (n=20, 66.6%) were predominantly affected than females (n=10, 33.3%). Diabetes mellitus (n=12, 40%) was the leading underlying illness observed in the present study. P. anaerobius isolates were majorly obtained from patients with deep-seated abscesses (n=10, 33.3%) ( Table 1) .
Among the 30 P. anaerobius isolates, monomicrobial growth was observed in 15 cases (50%). Polymicrobial anaerobic growth with Prevotella spp. was seen in 10% (n=3) of the samples. P. anaerobius along with aerobic pathogens was found in 40% cases (n= 12) with K. pneumoniae as the predominant aerobic pathogen (n=5, 41%).
Antimicrobial Susceptibility Test
Quality control strain Bacteroides fragilis ATCC 25285 was tested along with the test strains for the five anti-anaerobic antimicrobials and the results were interpreted as per CLSI guidelines 7 (Table 2) . Clindamycin resistance was noted in 53.3% (n=16) of P. anaerobius isolates. None of the isolates tested were found resistant to metronidazole, cefoxitin, penicillin and chloramphenicol. The antimicrobial susceptibility results are summarized in Table 3 and Figure 2 (A to E).
DISCUSSION
Anaerobic bacteria form a vast majority of commensal flora inhabiting different body sites and are the source of diverse infections. Among various anaerobic pathogens, the importance of GPAC as a pathogen is increasing. P. anaerobius are a member of the genus Peptostreptococcus which form an integral part of the normal microbiota of gastrointestinal tract 2 . proline arylamidase test. However, it is to be noted that Peptostreptococcus stomatis, another species of genus Peptostreptococcus also produces a wide zone of inhibition around the SPS disc. The zone of inhibition is about 12-17 mm around SPS disc for P. anaerobius, whereas, P. stomatis give a wider zone of inhibition of 19-25mm 8,9 . In the present study all the 30 isolates of P .anaerobius had zone size ranging between 12-16 mm. However, the isolates were further confirmed by mass spectrometry.
P. anaerobius remain a significant anaerobic pathogen with reported rates of isolation ranging from 6-7% 10, 11 . They are often encountered from infections of genitourinary tract, abdominal cavity, skin and soft tissue, and bone and joint infections. Generally, they are known to be involved in causation of infections below the waistline and seldom isolated from oro-dental infections 2,12 . In the present study, majority (n=21, 70%) of P. anaerobius were isolated from infections involving lower extremities (Table 1) . Mostly GPAC are known to be isolated from polymicrobial infections involving different anatomical sites 2 , where as in our study, 50% of P. anaerobius isolates were obtained as monomicrobial flora.
As antimicrobial susceptibility testing is not performed routinely in many laboratories, there is paucity of susceptibility data related to GPAC. However, they are often considered to be susceptible to most of the available anti-anaerobic drugs 2, 13 . Agar dilution is the gold standard and recommended method for determining MIC among anaerobic bacteria. In this, suspension containing a defined number of bacterial cells are spotted on appropriate growth medium with different concentrations of the antibiotic. The MIC is defined as the lowest concentration of the antibiotic that prevents visible growth of the microorganism in the growth medium.
Metronidazole remains the empirical drug of choice for most of the anaerobic infections. In the present study, all the strains of P. anaerobius have shown excellent activity against metronidazole. Similar findings were reported in other studies 10, 11, 12, 14 . However, few studies have shown varying rates of metronidazole resistance. Baquero F et al. 15 , Lee K et al. 16 and Meyer L et al. 17 have reported resistance rates of 5.5%, 7.4% and 41% respectively against metronidazole among Peptostreptococcus spp.
Clindamycin, a lincosamide antibiotic has good spectrum of activity against most of the Gram-positive aerobic and anaerobic organisms and acts by inhibiting bacterial protein synthesis 4, 18 . There are reports of emerging resistance against clindamycin among anaerobes, which could be due to modification of the target site 10 . Studies conducted by Brazier J et al. 10 , Wybo I et al. 14 and Koeth LM et al. 11 have reported clindamycin resistance rates varying from 1.1% to 5%. Other studies have shown higher rates of resistance of 19-25% to clindamycin 15, 16, 17, 19 . Remarkably, in this study 53.3% (n=16) of P. anaerobius were resistant to clindamycin which is much higher than the earlier reports and is a point of concern.
Anaerobes develop resistance to b-lactam antibiotics by b-lactamase enzymes including penicillinases and cephalosporinases, reduced permeability through alteration in porin channels and by low affinity of penicillin binding proteins. Peptostreptococcus spp. are known to be susceptible to blactam drugs like penicillin G 15 . In our study, we found all the isolates susceptible to penicillin with low MIC 90 . However, there are reports of penicillin resistance among GPAC in literature varying from 4% to 29% 10, 14, [15] [16] [17] . It was also observed in the present study that, another b-lactam drug, cefoxitin had excellent activity against all P. anaerobius strains which is in agreement with the previous reports 16, 20 . Although, Könönen E et al. 12 and Baquero F et al. 15 have reported cefoxitin resistant Peptostreptococcus spp. in their studies. None of our isolates were b-lactamase producers which is concordant with other studies 10, 12, 14 .
Chloramphenicol, a bacteriostatic agent, known to be active against most of the anaerobic bacteria has also shown good activity against all the P. anaerobius strains in our setup, in line with the findings of Lee K et al 16 . The development of resistance to chloramphenicol is rare, however Wybo I et al. 14 have reported 3% of GPAC being resistant to chloramphenicol. It is necessary that the anaerobic laboratory facilities be optimally utilized and susceptibility testing be performed for the frequently isolated anaerobic pathogens. Awareness of the emerging resistance among the anaerobic pathogens has to be created so as to provide appropriate antimicrobial therapy for better patient care.
CONCLUSION
P. anaerobius is one of the significant GPAC isolated from diverse clinical infections in our setting. A high rate of clindamycin resistance was seen which is noteworthy, considering the fact that, this is a frequently utilized antimicrobial for treating anaerobic infections. Periodic surveillance of antimicrobial susceptibility profile of anaerobic bacteria is the need of the hour to guide empiric antibiotic therapy and to formulate local antibiotic policy.
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